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lowing  is  &  translation  of  &a  ar  wic.te 
nf  V.  M,  Vdovenko  and  Te,  A.  Smirnova  In 
Radlokhimiya  (Radiochemistry)*  Vol.  X,  Ho, 
1*  Leningrad,  1959*  P*g®s  43-51* j 


The  extraction  method  is  widely  used  in  chemical  ana¬ 
lysis,  preparatory  chemistry  and  other  areas*  * 

literature  containing  studies  of  equilibrium  difatriWtio^ 

from  the  thermodynamic  point  of  view  is  ArV*rir*  - 

One  of  the  reasons  for  it  is  the  complexity  of  ubw. 
button  processes.  Id  the  distribution,  uranyl  nitrate  6ku»- 
v&b  relatively  simply ,  which  enabled  Glueckauf,  AOK-y  ana 
Mathieson  [l]  to  test  distribution  data  by  thermo  dynamical 
analysis,  ‘They  have  shown  that  an  uranyl  ni trace  isoIet-Uv 

enters  into  the  organic  phase  with  a  “If® .J^ate^r*- 

moleoules*  and  that  in  the  organic  phase  uranyl  ril<*xat*>  i,o 

mains  mostly  not  ionised.  An  equation  was  reviewed,  ac.o.d- 
lug  to  which  the  distribution  of  urany* 
aqueous  and  organic  phases  taps  place.  Equilibrium  cjh« 


?mined9  as  well  as  the  activity 


tents  were  detei'&iiuwu,  «■»  »»'»•*■*  -*»■'  *•*—  —  : - »  ,  _ 

of  uranyl  nitrate  in  organic  solvents  and  a  series  of  °^r 
quantities ,  the  knowledge  of  whioh  sheds  some  light  on  uu  - 
n vl  nitrate  forma  in  organic  solvents. 

“  Glueckauf ,  McKay  and  Mathxeson  developed  ^he^r  Wtoxc 

1b.  the  following  way.  When  uranyl  nitrate  is  distributed 
equilibrium  takes  place 


uo/r«iys  ■  Abko 


ucf* 


ft) 


wnere  h 


,0  the  number1  of  water  molecules  with  which  each  u 


oleoule  goes  over  into  the  organic  phase 


The 


the 


fsri’i?i  nitrate  moxewui.®  v.«-  — —  -  — .  , 

left"** part  of  the  equation  refers  to  the  organic  pause, 

"librium*  constant  of  this  reaction  can  be  writ 

A,- 

,  (2) 


ten  as 


Th« 


„  jyonr^rn^ 

I’ud^wDsfe . 
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where  brackets  Indies, te  the  thermodynamic  act!  Titles. 

The  product 

[vc;  V3> 

where  m  and  jf  are  the  molarity  and  activity  coefficient*  of 

uranyl  nitrate  in  aqueous  phase,  ,  , ,, 

The  activity  of  hydrated  uranyl  nitrate  in  tae  orga¬ 
nic  phase  can  be  expressed  fey  Equation 

Dfrijhf&j 3-jl  *  fi  tip  &J  *  " m.  jl’ 

where  say,  and  are  the  molarity  and  activity  coefficient 
of  uranyl  nitrate  in  the  organic  phase*  .  . 

Substituting  the  expressions  obtain© a  into  hq  UJ  una 

designating  Ki  =  K/4,  we  obtain 


*7  >  JL 


*•4-  .✓*-**•*>*.* 


where  av  Is  the  activity  of  water.  Bq  (3)  oaa  "be  written  In 
logarithmic  form 

3  .'tk- -y-  r"f  'f  J  1  ' 

0?  d  ,  4^  .  tAjLK  •*-'/■>  &  fa  •  (V) 

Vhen  mu  0,  /u  -»X  end  Eq  (5)  takes  the  aspect  of 

Jf  smf*  HS  -  ^  *+  56  •**•*-« 

Using  Equations  (4)  -  {$) ,  Glueckauf ,  McKay  and  Ma*» 
this  son  determined  quantities  3%  and  jTu  ^or  a  ser^ss  15 
vents »  as  based  on  distribution  data* 

We  investigated  uranyl  nitrate  distribution  between, 
water  and  a  series  of  ethers  and  esters  so  as  to  verify  the 
application  of  Equations  (4)  -  (6)  to  the  given,  case  and  to 
tike  determination  of  quantities  Hi  and  /  u*  Karnes,  chemical 
formulas  and  certain  characteristics  of  ethers  and  esvers  dis¬ 
cussed  are  giver  in  Table  1*  .  L 

All  ethers  and  esters  were  submitted  to  prior  purij.1- 

o  i%  t  ion  * 

Experiments  were  carried  out  in  the  following  way.  Wa¬ 
ter  solutions  of  uranyl  nitrate  in  different  concentrations 
was  shakes,  with  equal  quantities  of  organic  liquids  at  **  — 
25,0  S  0.02°.  Equilibrium  was  usually  established  after 
2-3  hours ,  She  maximum  concentration  of  the  equivalent  wa¬ 
ter  solution  of  uranyl  nitrate  corresponded  to  a  saturated 
solution  at  t  ss  25® *  For  diisopropyl  ether,,  dlb u ty xcary *. 
tel, "iimethylphtalate  no  saturated  solutions  could  fee  ob¬ 
tained  due  to  the  precipitation  of  uranyl  nitrate  operates 
at  high  cone entrations ,  After  a  complete  phase  separation. 
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water  solution  was  analyzed  for  uranyl  nitrate  content, 
ether  solution  —  for  uranyl  nitrate  and  water  c®nte31Jl 

Jnalyses  for  uranyl  nitrate  content  were  done  by  or¬ 
dinary  gravimetric  method*  precipitating  ammonium  dlurana  .e 
with  subsequent  calcination  and  weighing  as  (XjOg,  or  by  ca¬ 
lorimetric  method*  H  .  ,  „  *  v_ 

Water  quantity  in  the  organic  phase  was  determined  *y 

Fisher’s  method  as  described  in  Kitcheland  amlth  s  boo*  a- 

4aametrXn  addition,  epeclflo  weights  of  water  and  ether  pha- 
ses  were  determined.  Graphs  for  the  dependence  of  log 
m  few*  on  log  m«  were  plotted  on  the  base  of  data  obtained 
(Fig,  1-6).  Values  of  f  and  aw  were  taken  from  tables  for 
a  pure  water  solution  of  uranyl  nitrate  of  the  same  concen¬ 
tration,  disregarding  the  organic  solvent  d^ssolted  in  ^ 
water  phase  of  uranyl  nitrate »  as  the  solubility  oi^an.  or¬ 
ganic  solvent  in  water  is  low  as  a  rule,  and*  therefore , 
tls,e  presence  of  organic  solvent  cannot  strongly  ina.j.ttence 
jSntitlS  Knd  Y  «*  a*  values  for  different  ura¬ 

nyl  nitrate  concentrations  are  given  below: 


Molarity,  m 

Activity 
Coefficient  y 

Water  Activity 

8w 

0.1 

0.573 

0.995 

0.2 

0.543 

0.990 

0.2 

0.540 

0.985 

0.5 

0.564 

0.973 

0.7 

0.616 

0.9® 

1.0 

0.721 

0.938 

1.5 

2.0 

0.959 

0.896 

1.288 

0.848 

2.5 

3.67 

0.798 

3.0 

1.12 

0.751 

3.5 

2.47 

0.712 

or  h  are 

taken  from 

the  preeed 

Values  for  h  are  taken  from  the  precedent  work  by  the 

authors  El]  and  are  shown  in  fable  2, 

.  ,_,Frem  Ficcs.  1-6*  it  appears  that  dependence  of  log 
m  on  log  mu  is  rectilinear  (l.e. ,  *  1)  up  to  cer¬ 


tain  log  eu  values, 
For  the  ma^or 
tion,  activity  coeff: 
vest  was  not  equal  1 
termined  have  a  1/3 
Quantities  % 

graphs  * 


Ity  of  organic  solvents  under  const derm¬ 
ic!  ent  of  uranyl  nitrate  in  organic  sol- 
when  mu  >0.1,  111  straight  lines  de- 

slope,  '  ^ 

and  Yu  can  be  determined  from  the 


fable  1 
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solvent  ■; 

I'-'V 

tr,0 

I 

Refrac 

liOTl  irs* 

.  "  . 

<(*■4  0 

■«•  ff 

!"« 

name 

formula. 

iS  tp 

0  > 

25  b. 

IB 

e  S;  5 

4  <^”0, 

.5  y  ,j'7 

/  C  '«  \ 

V 

t  ** 

40  C  S 

<•  r* 

£ 

«3«35risi* 

Diethyl,  ether 

(CtHthO 

74.12 

0.708*** 

7.8®° 

34.6 

15497 

13499 

Diisopropyl  ether 

(C,H,>,0 

1(92.17;  Q. 722**° 

0.2 

685 -49.0 

1.3678 

13680 

di—n—bttty}-  ether 

(CiBsjjO 

13052!  0.769®° 

{ 

0.05 

142.4 

1.3992 

13992 

d3  -•  i  a  o amy  X  ether 

(C,Hl-).0 

158,28 

0.777*° 

it,  p." 

173.4 

1.7080 

1.7079 

Chlorex 

{CiCH,CH,),0 

143.02 

1.222s0’ 

1.07®° 

178.5 

- 

— 

:a  e  thy l  by  tyra tft 

/> 

103.13 

1.7 

1023 

13900 

13887 

C3H,-Cv 

Off), 

Ethyl  butyrate 

.//> 

116.16 

0.879*° 

0-68*5' 

120.8 

1.3930  15935 

CjHi  — C 

VOCaH, 

1.4055 

ti — bu  t  y)  bu  t  y  ra  t  e 

,0 

144.21 

0.872““ 

p. 

165.7. 

1.4049 

,1J="736  mw 

1.4110 

XAin 

IsoasnyJ.  butyrate 

r  u  r^° 

;  158.23 

OS66tt° 

H.  p- 

178, 6 

C.B--C 

X'OCH,, 

1.4241 

Di  hut  y  t.  u  fjrbi  to ! 

C ,  H  ,Oi'C  1 !  ihOft  H  »!jOC « H , 

218.33 

— 

254.0 

1 .4241 

F.  thv  1  tnonochloro — 

122.55 

1.157®° 

K-  p- 

144.0 

1.4216 

1.4220 

acetate 

ClCH.-C' 

X0C»H. 

Diethyl  succinite 

(CH,COA«l.). 

174.19 

81,  p. 

217,0 

1.4»1 

1.4210 

Dimethyl  pbthaisste 

i^bc-iPoeH, 

194.18 

him*** 

0.43 

280.0, 
P*=734  mw 

1.5155 

1.5155 

^  ..C  -C—O-CHj 

Diethyl  phthaiats 

/a 

y\C~C--0 C,H, 

222.23 

U21,s* 

«.  p. 

298- 

-m 

1.5029 

1,5030 

1  1 

*JC-C~QC  ,K, 

Pi  butyl  pbfhalate  i 

,0  !  27831, 

1.04S*1’ 

OM*5* 

mo 

1.4925 

3.4930 

i, 

Cs _ 

/C— 1 C-O— C.H, 

’Ethyl  cinnamate 

/-O 

176511 

1.049®° 

M.  fi. 

271.0 

1,5598 

1.5610 

/"';X -OteOi  r 

fi  !  V  H 

w«H 

i 

4a 


falsie  1 
{coB.tln.ued) 


M  ©  Hi  y  1  bo  nsroa  f  e  ' 

i 

i 

Ethyl  benzoate 

I 

n — biit.y  1  be  n  y.o  at  e  i 


Isoamyl  benzoate  ; 

I 

i 

i 

i 

1)  i.ethy \  rna  Ion ate 
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chi or ex 


l  /*  h  f~*i  * 

fig.,  2.  Dependence  of  log  m  $  af/  J  on  J.og  mu* 

1)  dlmethylphthalate;  2}  diethylphthalate;  3) 

bia  t  jl  ph  thala  . 
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1)  Diethyl  succinate;  2)  ethyl  einnamate :  3) 
ethyl  mono  chloroac state . 


krnu 

Fig.  4a  Dependence  of  log  on  log  mu. 

1}  Methyl  bensoate;  2)  ethyl  benzoate;  3)  ieoa- 
myl  ben so ate. 


Fig*  5.  Dependence  of  log  m/a^f  ^  on  log  %« 

1)  dibutylcarbitol %  2)  diethyl  smlonata;  3)  et 
ethyl  butyrate. 


Fig,  6,  Dependence  of  log  on  log  mu. 

1}  diethyl  ether. 


9- 
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1)  dimethyl  phth&late ;  2)  diethyl  plitfealate; 
3)  difeutyl  phthalate. 


fa 


fig.  10.  Dependence  of  /u  on.  :%« 

1)  ethyl  monochloroacetate;  2}  dihutyl  ether; 
3)  ethyl  cinnamate. 


ia 


fig*  11.  Dependence  of  /u  on  %. 
l)  methyl  benzoate;  2)  ethyl  benzoate, 


phase  (colrnai  3)  ana  tha  apparent  solar  volnme  of  hyfirater. 

iransl  s I’js  Troche '  iate  of  fable 

2  mat  in  each  of  the  hosological  aeries  reviewed  V> 

increases  when  going  over  xroo  the  firs'*  decreases, 

ries  to  the  higher  ones*  i.e.,  extraction  capacity  dacrea.es. 

In  a  series  of’ cases  Jl  values  strongly  to  carbon 

thsr  for  solvents  having  the  same  ratio  ^ 
atoms  { Table  2).  This  speaks  in  favor  of  J^e  taxlue^e  o 
groups  composing  the  molecule  of  the  organic  solvent  and  of 
!>,*»  electron-donor  properties  o-i  exygen  atoms* . 

Extracting  capacity  of  AA‘  •» di f ^jro d~ f ^®r 

° lioh  ^  abrupt  drop  is  apparently  caused  ay  the  in- 
duotive  influence  of  electronegative  ciuor^ne  atom*  xn  the  ^ 
ohlore  molecule  on  the  electron  donor  properties  of  Uuoy 
gen  atom,  causing  a  shift  of  oxygon  electrons  C-J- 

Ji“e  clA°negative  influence  of  chlorine  atoms  on  extracting 
properties  Is  seen  in  the  example  of  ethyl  monochloroace- 

wtS‘  in  addition  to  the  el ectroa- -donor  properties  of  sol- 

shss  ’ssrrsfft 

pi  for’ it  Ip  l  lesser  possibility  for  Sibutylphthalaxe 
of "coordination  around  uranyl  because  of  greater  stereo 
hindrances , 
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1'crs.T.e 
exp  er  I  max?.- 


Determination  of  a 

Quantities  ^  can  ba  determined  graphically.  ^ 

As  already  mentioned  before ,  when  uranyl  nitre 
concentrations  in  the  ether  phase  exceed  0,1%  experimen¬ 
tal  curves  la  figs,  1-6  deviate  from  rectilinear  a.uu  (t  u 
values  can  be  determined  according  to  the  deviation  from 

the  rectilinear  dependence.  . 

To  achieve  it,  log  mu  and  mU(^u  is  determined 
from  the  graph,  at  a  fixed  Ig  mda/K  value,  ana  later  — 
quantities  for  different  mu  values.  _ 

lata  obtained  are  shown  in  figs.  7-1*.  — om  ^em 

it  appears  that  tu  values  increase  with  the  increase  of 
Ll  Toi  l  Lia/  of  eolTeuts  d'u  -  «>  at  high  %,  value,. 

In  conformity  with  Gibbs  -  Dygsis  relation,  an  In 
crease  in  ,-fti  with  an  increase  in  uranyl  nitrate  concen¬ 
tration  in  'the  organic  pha.se  presumes  a  dJc*®a®®  ia  ^he 
activity  of  the  solvent,  apparently  caused  by  the  so ~va 
tinr.  r*f  the  solute  by  the  solvent. 

It  is  characteristic  that  fu.  does  not  pass  throngs  a 
minimum  Such  a  f^pe  of  dependence  Is  established  at  pr e -* 
SSr&r  strong  acids  and  certain  .alts  in  nomueous  eelu- 
tions,  in  which  acids  and  salts  are  practically  no »  diw) 
elated  and  solvated  to  a  great  extant. 

Determination  of  Quantity  Yu 

(The  Apparent  Molar  Volume  of  Hydrated  Uranyl  Ni¬ 
trate  in  the  Organic  Solvent) 

Knowing  the  densities  of  the  organic  solvent  depend¬ 
ing  on  uranyl  nitrate  content  in  it,  one  can  calculate 
apparent  molar  volume  of  hydrated  uraayl  citrate  (VuJ  iu.™ 
given  organic  solvent  with  the  help  of  the  foi^owing  £qu~ 
tion: 

)/p#  (7) 

where  mv  and  mu  are  water  amd  uranyl  nitrate  molarities  in 
the  organic  solvent,  respectively;  D  —  -tiie  dens.ty  o.  orga 
nic  solvent  in  the  presence  of  uranyl  nitrate, 
solubility  in  organic  solvent;  D0  --  specific  w-i&ht  o. 

Kaaic  solvent  saturated  with  water  la  absent,©  of  urany*  — 

trat°'  For  this  purpose,  a  greph  Is  plotted  ahwlBg  the  de- 
pendence  of  the  first  term  In  the  right  side  of  Eq.v? lo¬ 
rn,,,  and  V„  is  determined  by  the  inclination  angle  of  the  li¬ 
ne.  Results  so  obtained  are  shown  in  Table  2.  ft oa  it-  data 
it  appears  that  for  the  given  homological  series  and  going 
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frora  a  lower  member  to  a  higher »  quantity  Yu  decreases. 

Comparing  v\.  quantities  for  solvents  In  which  o.ra” 
nyX  nitrate  is  approximately  equally  hydrated,  the  effect 
of  different  molecule  packing  of  organic  solvent  aroma 
uranyl  nitrate  molecule  is 
rence  la  values,  of 
re  of 


_  4  “tv 
kj-Jr.  Wtf 


noticeable,  causing  tfct 
*  vu  due  to  a  different 


molecules, 


4  4  -f  ffx  v 

U,.  .«%.<• ,:!»  ii'.  \Tt 

structu- 


Concluslons 

1,  it  was  shown  that  ur&nyl  nitrate^ distribution 
between  aqueous  solution  and  a  series  of  ethers  and  esters 
is  according  Eqs  (X)  “  {6}* 

2*  Equilibrium  constants  of  uranyl  nitrate  between 
aqueous  solution,  and  a  series  of  ©stars  were  determined* 

3 .  Activity  coefficients  and  apparent  molar  volu¬ 
mes  of  uranyl  nitrate  in  some  ethers  and  es btrs  were  de**. 
termimed* 
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